Spontaneous outcomes of percutaneous biopsy-related arteriovenous fistulas in renal allografts instead of embolization are reported by describing two cases of postbiopsy arteriovenous fistula followed by color Doppler sonography (CDS). One patient developed gross hematuria, but no intervention was required. Doppler application showed spontaneous resolution in both cases but later in the patient with hematuria. Both cases support close observation, including CDS, as another alternative to early embolization.
Percutaneous biopsy of native and transplanted kidneys is an important procedure to evaluate both causes of kidney diseases as well as rejections in allograft recipients. However, arteriovenous fistula (AVF) is a well-known complication of native and transplant renal biopsy. Although most AVFs are of little clinical importance, gross hematuria and hemodynamic changes due to a high shunt flow and loss of kidney function may occur, requiring treatment. Postbiopsy AVFs in two cadaveric renal transplant recipients were diagnosed, as demonstrated by color Doppler sonography (CDS). Furthermore, no interventional therapy was used.
Case 1
A man in his 50s with chronic renal failure secondary to unknown kidney disease received a cadaveric renal transplant in March 2009. On-table biopsy at the time of transplantation was performed. Eleven days after transplantation, he was discharged with a serum creatinine of 2.1 mg/dL. Five days later, the patient was admitted showing fever and a significant rise in serum creatinine (2.8 mg/dL). Doppler sonography followed by a percutaneous renal biopsy was performed, and intravenous steroids were given. The biopsy findings were unremarkable. Although no macroscopic hematuria occurred as a result of the biopsy, another renal CDS study 24 hours later demonstrated an arteriovenous fistula ( Figure 1 ). Preceding the percutaneous biopsy, the CDS appearance of the intrarenal vasculature was normal ( Figure 2 ). Eight days later, the serum creatinine had returned to baseline (2.1 mg/dL), and serum hemoglobin remained at 10.0 g/dL. Subsequent CDS studies showed the fistula persistent on days 6, 8, 13, and 20 after biopsy. No intervention therapy was performed. At 27 days after the biopsy, CDS detected that the AVF had closed spontaneously. Doppler indices are shown in Table 1 .
Case 2
A man in his 30s with end-stage renal failure of unknown origin received a cadaveric renal transplant in July 2009. On-table biopsy at the time of transplantation was also performed, and induction therapy with antithymocyte globulin was given. To distinguish between delayed graft function and acute rejection, a percutaneous biopsy renal biopsy was performed on day 15 posttransplantation. Promptly, the patient showed gross hematuria, which persisted for four days. Vesical irrigation with saline was instituted. Doppler sonography three days later confirmed an AVF ( Figure 1 ). As in the first case, a CDS study preceding biopsy showed no indication of fistula. A biopsy specimen revealed mainly medullary tissue, including an arterial vessel. Histological examination of the specimen showed intra-and peritubular polymorphonuclear infiltration, suggesting infection. Vesical irrigation was effective in stopping the hematuria, and no further interventional therapy was used. Although the patient's blood pressure was stable, a drop in hemoglobin was observed (decrease from 7.3 to 6.0 g/dL). Since there was no change in blood pressure, a blood transfusion was not required. The indications of AVF in CDS persisted on days 6, 13, 30, 46, and 54 after the biopsy. Subsequent CDS study on the 86th day after biopsy revealed no fistula. Doppler indices are shown in Table 1 .
Discussion
Percutaneous renal transplant biopsy is widely practiced to evaluate transplant renal dysfunction, serving as a basis for rational therapeutics to ensure optimal treatment decisions. Although real-time sonographic guidance and the automated biopsy device have resulted in this procedure being carried out more frequently, it carries the risk of vascular complications such as an AVF. The shunting of blood through the fistula can cause steal syndrome, which may induce glomerular filtration rate (GFR) deterioration. 1 AVFs result from a single communication between contiguous, simultaneously destructed arterial and venous vessel walls followed by repair processes. The incidence of AVFs is more frequent in renal allografts (16.9%) than in native kidneys (4.4%). 2 A survey including 201 biopsies of native kidneys reported 10 (5%) AVFs, and all of them remained asymptomatic during a follow-up period ranging from 2 to 31 months. However, 8 of 10 were still present. 3 In recent surveys, the reported prevalence of iatrogenic AVFs in renal transplant biopsies has ranged from 3.8% 1 to 8.3%. 4 Fortunately, most fistulas in allograft kidneys can be treated conservatively and tend to resolve spontaneously. 5 In fact, 70% of AVFs, mainly from biopsies performed earlier in posttransplantation, are asymptomatic and usually resolve spontaneously within weeks or months. 6 Biopsy-induced AVFs are known to be accurately identified by CDS imaging. 2 Moreover, in some cases, the diagnosis of AVF was made by a routine follow-up CDS in asymptomatic patients. 1 CDS failed to detect postbiopsy AVFs in allograft kidneys only once in 23 reported cases. 1, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] However, the AVF may not develop immediately at the time of biopsy. Indeed, the incidence of fistula formation assessed by angiography increased when the study was performed 1 day to 6 months after biopsy in comparison to earlier studies. 10 Accordingly, a later CDS detection of an AVF even after an earlier negative sonographic examination was already reported. 10 However, in case 1, the CDS findings of AVF were clearly seen as early as 24 hours after biopsy. On pulsed Doppler, an AVF fistula is characterized by a region of high-velocity shift, low-resistive index (Figure 2) , and disturbed flow, resulting in an area of an intense mixedcolor pattern (mosaic), the color Doppler equivalent of a bruit. 16 Some AVFs may be ascribed to "on-table" biopsy at the time of transplantation, 7 although in both cases when ontable biopsies were performed, there were no indications of AVF in CDS preceding the percutaneous biopsy to investigate graft dysfunction (Figure 3 ). Therefore, it is important to obtain a previous CDS as a baseline to compare with postbiopsy color images.
In accordance with reports of native biopsies, AVFs are more likely to occur in the medulla. 10 This is consistent with the biopsy of primarily medullary tissue from the patient with gross hematuria.
For an AVF to be considered hemodynamically significant, the resistive index of the main renal artery has to be <0.05, higher than that in the segmental arteries. 4 As shown in Table 1 , in the case without hematuria, the AVF had no effect on the resistive index of the main renal artery. On the other hand, in the case with gross hematuria, the index decreased from 0.78 to 0.57. This finding was ascribed to early drainage of blood by the venous part of the AVF. 4 This likely means that the second case had a larger AVF, but this finding does not imply that embolization is required.
In contrast to other reports, 8, 14 the onset of gross hematuria did not prompt arterial embolization. Both cases, despite gross hematuria in one, were treated similarly, and no blood transfusion was given. Since the bleeding stopped and the AVFs later closed spontaneously, in accordance with other reports, 7,10 conservative management can be considered an appropriate approach. In addition, it is important to emphasize that gross hematuria does not predict the need for embolization. However, it may take longer to close spontaneously. Furthermore, although one patient showed no serum creatinine increase after AVF diagnosis and the other had delayed renal function after transplantation, it may be concluded that this parameter could not be related to an AVF. These two cases showed that Doppler sonography is able to detect early postbiopsy AVF and is the method of choice to follow-up until resolution. As shown in Figure 4 , a gray-scale image fails to detect AVF.
In conclusion, two cases of renal allograft AVF secondary to biopsy are presented, with and without gross hematuria, which subsequently closed spontaneously. Both cases support close observation, including CDS, as another alternative to early embolization.
